A gloved-hand method is presented for evaluating the interaction of antimicrobial agents with the normal resident bacterial flora of human skin. One of the key features of the experimental model is a simplified technique for sampling the skin, which involves the addition of eluting fluid to the gloved hand. As with other skin sampling techniques, the number of bacteria recovered from the hands showed considerable variation from subject to subject. However, no significant differences were observed between the numbers of bacteria recovered from the right and left hands of individual subjects. The mean number of bacteria recovered from the hand before and after washing with nonmedicated soap was consistent and reproducible over a period of at least 5 consecutive days. The Many techniques have been described in the literature for sampling the human skin microflora. In many cases, these have been related to measuring the skin-degerming effect of various preparations on the surgeon's hand. Price (11) described a quantitative method for measuring the number of bacteria on the human skin, often referred to as the serial basin technique. Many modifications of this technique have been reported (2, 4, 7, 8, 12, 19, 20) . Although these methods are quantitative and reproducible, they are laborious and do not relate directly to the hospital use of surgical scrub preparations.
Many techniques have been described in the literature for sampling the human skin microflora. In many cases, these have been related to measuring the skin-degerming effect of various preparations on the surgeon's hand. Price (11) described a quantitative method for measuring the number of bacteria on the human skin, often referred to as the serial basin technique. Many modifications of this technique have been reported (2, 4, 7, 8, 12, 19, 20) . Although these methods are quantitative and reproducible, they are laborious and do not relate directly to the hospital use of surgical scrub preparations.
Several simplified procedures have been described for microbiological sampling of small skin surface areas. These include swabbing techniques (6, 15) , contact plate methods (3, 14) , finger impression methods (1, 16, 23) , plastic tape stripping methods (21, 22) , and skin flushing methods (10, 17, 25) . For the most part, these simplified procedures are nonquantitative and lack the required reproducibility for studying skindegerming activity on the hand.
A slightly different approach to microbiological 8 sampling of the hand was reported by Reid et al. (13) and Walter and Kundsin (24) . Rather than sampling the skin directly, they elected to examine the bacterial content of removed surgical gloves worn for a prescribed period before and after contact with skin-degerming agents. Although quantitative, it is apparent that this indirect hand-to-glove transfer technique could result in a conservative estimate of the actual levels of skin bacteria residing on the hand. Of all the skin sampling methods which have been described, however, the glove-washing technique appears to offer the greatest number of advantages for the study of skin-degerming effects on the hand. A few investigators have used a slight modification of the glove-washing technique in which small amounts of fluid were added directly to the gloved hand. Stuttard (18) added 0.5 ml of peptone water to each finger of the gloved hand and, after 30 min, sampled the removed glove. Meleney and Lopez-Mayor (9) sampled the gloved hand directly by the instillation and reaspiration of 5-mi quantities of sampling fluid. In general, both modifications of the MODEL FOR MEASURING SKIN DEGERMING glove-washing technique resulted in the recovery of considerably greater numbers of skin bacteria from the hand. Bacteria found on exposed human skin surfaces usually fall into two general categories on the basis of host-environment relationships. Price (11) originally distinguished these groups as transient bacteria and resident bacteria. As the descriptive term implies, transient bacteria are generally regarded as those which are loosely attached to the skin and are mostly acquired from contact with the environment. They are not considered as part of the normal skin microflora and may be easily removed by a simple wash with nonmedicated soap. The resident bacteria are defined as those living on or in the skin, forming relatively stable populations, both in size and composition, when not under the influence of antiseptic agents.
It is obvious that contact of the hands with highly contaminated surfaces will greatly increase the total microbial load on the skin. High levels of transient bacteria, thus picked up from the environment, could result in unreliable measurements of resident skin bacteria levels on the hand prior to washing or scrubbing. Cleland (5) used a preliminary 2-min wash of the hands with cake soap in an attempt to reduce the variable of transient bacteria before conducting pretreatment sampling. However, the effectiveness of this technique in controlling variable levels of transient bacteria on the hand, or its influence on resident skin bacteria, was not reported.
It is obvious from the foregoing discussion that many variables may influence the outcome of skin-degerming investigations. A satisfactory model should meet the following important criteria: (i) objectivity, (ii) reproducibility, (iii) responsiveness to treatment, (iv) amenability to statistical analysis, (v) simplicity, and (vi) relationship to the clinical situation.
Tlhis report summarizes studies related to (i) methods of sampling the skin for quantitative recovery of bacteria, (ii) the effect of a medicated skin cleanser on the normal resident skin microflora, and (iii) methods In crossover studies, each subject was assigned to one of two subgroups for the first washing interval. After a minimal 3-day rest period to permit reestablishment of normal skin microflora levels, the experimental variable (treatment or technique) was crossed-over with respect to subjects. In this way, comparative measurements were obtained for each subject, who thus served as his own control.
Washing and scrubbing procedures. Removing all jewelry, subjects washed or scrubbed their hands and wrists under supervision for 1 to 3 min using tap water and either pHisoHex or nonmedicated bar soap (Ivory). Hands and wrists were first wet and either bar soap or 4 ml of pHisoHex was used to develop suds; small amounts of water were added as required. Both hands were washed simultaneously for the specified time period. In the case of scrubs, a nylon-bristle surgical brush was used to scrub each hand separately for the specified time period, with special attention given to the fingemails and interdigital surfaces. After washing or scrubbing for the required time interval, subjects rinsed their hands thoroughly under running water, dried them with a sterile cotton towel, and donned sterile rubber surgical gloves.
Hand sampling procedures. To recover skin bacteria, 100 ml of sterile saline (pH 6.8) was added to the gloved hand except in one study where a surfactant buffer solution [0.1% Triton X-100 in 0.1 M phosphate buffer (pH 7.9)] was used (25) . A rubber tourniquet was fastened over the glove at wrist level, and the entire hand was flushed in a standard manner by rapidly and repeatedly squeezing the gloved fingers for 15 sec. A 10-ml sample of the resulting extract was removed from the glove and added to 10 ml of chilled neutralizer solution [lecithin-phosphate buffer (LPB), 0.0035 M KH2PO4 containing 0.22% (w/v) lecithin and 1.55% (v/v) Polysorbate 80, with NaOH added to pH 7.2]. Triplicate 2-ml amounts of the mixture, as well as decimal dilutions in LPB, were plated with Letheen Agar (BBL). Plates were incubated at 37 C for 2 days, and colony counts were used to calculate the number of skin bacteria recovered per hand.
Experimental design and statistical analysis. The major components of variation were defined by the model: xij = JL + ai + j + -yij =1, *, m subjects j = 1, ***, n treatments That is, the level of skin bacteria on the hands (Xij) can be represented as a function of the population mean (ju), the contribution due to subject variation (ai), the treatment effect (0i), and the residual error VOL. 2, 1972 MICHAUD, McGRATH, AND GOSS ANTIMICROB. AG. CHEMOTH4ER.
or interaction between subjects and treatments (-yii).
The crossover design which was usually employed provided for the estimation of each of these components in the analysis. The ability to estimate and remove the subject variation in recoverable skin microflora levels was most important, because this usually significant component would have obscured treatment differences if left as part of the error term. The underlying hypothesis of the crossover design is that the second round of washing is independent of the first, and is free from carry-over effects. This was tested by contrasting the pretreatment levels of recoverable bacteria for each leg of an experiment.
Bacterial count data were routinely transformed to logarithms prior to statistical analysis. Apart from simplifying data processing, the logarithmic transformation of bacterial count data from skin has two major advantages: (i) it converts the distribution of such data to a near-normal distribution, thereby allowing the use of Gaussian-based statistical procedures, and (ii) it facilitates comparative measurements, since a difference of logarithms measures proportional changes in bacterial levels, which are usually of greater interest than absolute bacterial counts.
The primary means for testing hypotheses and determining statistical significance of associated contrasts was through the use of analysis of variance techniques. Standard errors based on the residual error term, and probability values associated with the calculated F ratios have been included to summarize the salient points of each analysis. Data from subjects who did not complete a particular experiment were not included in the statistical analyses.
RESULTS
Quantitative recovery of skin bacteria. To evaluate the comparative adequacy of two handsampling techniques, 12 volunteer subjects wore sterile gloves for a 2-hr period while carrying out their normal activities. The gloves were then removed from the right and left hands of six subjects and sampled by the addition of sterile saline to each glove (glove-washing technique). The hands of the remaining six subjects were sampled by the addition of saline directly to the gloved hand (gloved-hand technique). The subjects then washed their hands for 2 min with nonmedicated soap, again donned sterile gloves for 2 hr, and were sampled as before. Three days later, the process was repeated, except that the sampling techniques were crossed-over with respect to subjects so that all subjects were sampled by both techniques.
For each sampling technique, no significant differences were observed between the numbers of bacteria recovered from the right and left hands of individual subjects, either before or after washing (Table 1) Reproducibility of quantitative measurements. The reproducibility of the gloved-hand sampling technique was evaluated by conducting daily hand count determinations before and after a 2-min wash with nonmedicated soap. For this study, Pre samples were taken immediately after subjects donned gloves, and postwash samples were obtained after a 60-min glove period.
No significant differences were observed in the daily mean number of bacteria recovered from the hands of subjects either before or after the nonmedicated soap wash (Table 2 ). It will also be noted that the 60-min glove period resulted in c Standard error of the difference between means based on a within-subject comparison of each technique, and the probability (P) associated with this linear contrast in the corresponding analysis of variance. in which with an al chlorophene (pHisoHex). After the wash, each subject donned a pair of sterile gloves, and one hand (either right or left) was sampled immediately. The other hand remained gloved for various intervals, ranging from 5 to 30 min, prior to sampling. The process was repeated weekly, and a crossover design with respect to sampling time was used such that each subject was sampled at each postwash interval over the course of the experiment. A progressive decrease in the level of bacteria \< recovered from the hand was observed, so that by 30 min postwash an overall reduction of 85% had been achieved in skin microflora levels ( Fig.   1 ). Thus, it is clear that a single wash with the hexachlorophene detergent exerted a significant, time-dependent, skin-degerming activity.
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To assess the duration of degerming activity 6 110 20 30 and determine the optimal postwash sampling time for the detergent preparation, an additional TIME POST -WASH (MINUTES) study was undertaken. In this case, a randomized design was used, in which three groups of subinfect of pHisoHex on the postwash level jects conducted a 3-min wash with jpHisoHex. Icinrbacteria recoveredfrom thehand. Eight-Each subject was sampled immediately after d;, crossover design; I-min wash. Mean log wahn,ndt3060or9mipswsh issociated standard errors are represented. washing, and at 30, 60, or 90 min postwash. e (immediately after wash) was obtained The levels of bacteria recovered from the hand wan offive separate measurements per sub-immediately after washing (To) were not signifisquare slope estimate --0.03 log unitsl cantly different for the three groups (Table 3) .
Therefore, the To values may serve as a base line, allowing further comparisons to be made among hough not significant, increase in the the groups. There were no significant differences )flora levels recovered from the hand. in the mean numbers of recoverable bacteria from differences in the (Pre -TO) bacterial the hand at 30, 60, or 90 min postwash (T.).
were consistent from day to day.
Likewise, the overall (To -T.) reductions in iveness to treatment. Having established skin microflora levels were not significantly elements of quantitative and repro-different for the three groups. The reduction in microflora measurements, it was achieved in the (To -T3o) group e Standard error of the difference between means based on a within-subject comparison of each procedure, and the probability (P) associated with this linear contrast in the corresponding analysis of variance.
solution with normal saline in the gloved-hand system. In addition, the use of a surgical brush was included to assess the applicability of the gloved-hand model system under simulated clinical use conditions. No significant differences were observed between the two sampling solutions with respect to the levels of bacteria recovered from the hand at either To or T6Q postscrub ( Table 4 ). The calculated postscrub (To -T60) reductions in recoverable bacteria levels were likewise not significantly different, being in the order of 90% for both sampling solutions. Since no difference in recovery efficiency of skin bacteria from the hand was apparent between the two sampling solutions, it was elected to use normal saline (pH 6.8) as the standard sampling fluid in the gloved-hand system.
Control of transient bacteria. Because transient bacteria tend to increase the subject-to-subject variability, it was desirable to develop a method for the removal of these bacteria without appreciably affecting the reservoir of resident skin bacteria. In the first of two studies, animal handlers were selected as test subjects because of their anticipated high load of transient organisms on the hand. Prior to obtaining Pre samples, half of the group conducted a 30-sec preliminary wash of the hands with nonmedicated soap, followed by a 30-sec rinse. Pre samples were taken from the remaining subjects without a prewash. All subjects then scrubbed with pHisoHex, after which To and T60 samples were taken. After 3 days, the groups were crossed-over so that all subjects were sampled with and without a prewash. As anticipated, the Pre level of bacteria recovered from the hand without a prewash was significantly higher (P = 0.01) than that recovered with a prewash ( reductions in skin microflora levels (Table 5) .
To control potentially variable levels of transient organisms on the hands and examine the action of scrub preparations on the reservoir of resident skin bacteria only, it was decided to have all subjects routinely conduct a short prewash with nonmedicated soap before Pre samples were obtained.
Effect of scrubbing with a surgical brush. Since it is a common hospital practice to use a surgical brush in conjunction with hand-degerming regimens, it was of interest to compare directly the mechanical degerming action of scrubbing and hand washing. As anticipated, there was no significant difference between the initial levels of bacteria recovered from the hand prior to washing or scrubbing (Table 6 ). Likewise, the comparative To and To Values for the two treatment regimens were not significantly different. However, the (Pre -To) reduction in skin microflora level resulting from the scrubbing regimen (54%) was significantly greater (P = 0.05) than that observed for the washing regimen (5%). In b Crossover design; study 1, nine subjects; study 2, eight subjects; 3-min scrub with pHisoHex preceded by a 30-sec prewash with nonmedicated soap as indicated.
' Standard error of the difference between means based on a within-subject comparison of each procedure, and the probability (P) associated with this linear contrast in the corresponding analysis of variance. contrast, there was no significant difference between the overall (Pre -T6o) reductions in recoverable bacteria achieved with either the scrubbing or the washing regimens (89 and 90%, respectively). It is apparent that the comparatively small, but significant, reduction in skin bacteria level which occurred during scrubbing was unrelated to medication, and may be ascribed to the mechanical degerming action of the surgical brush. Since the mechanical degerming effect of the brush, however, is exerted only during actual scrubbing, its contribution to overall skin degerming appears to be negligible in the presence of an antimicrobial scrub preparation such as pHisoHex.
DISCUSSION
The major objective of this investigation was to design an experimental model for evaluating the interaction of topical antibacterial agents with the resident microbial flora of the hands. Of primary concern was quantitation and reproducibility, leading to a system which could be extrapolated to hospital situations related to the surgical staff and the use of surgical scrub preparations.
An essential element in designing the experimental model was the selection of a method for obtaining a representative sample from the hand for quantitative bacteriological examination. Initial studies indicated that the gloved-hand sampling technique described resulted in significantly greater recoveries of skin bacteria than did the glove-washing method reported by others (13, 24) . Efficient sampling of the skin becomes an extremely important point when the resident bacterial flora of the hand is under the influence of topical antibacterial treatment, and when it is critical to measure treatment differences. If initial bacterial recoveries from the hand are low, the post-treatment resident skin microflora can easily be reduced to undetectable numbers, and treatment differences can thereby be masked. With a higher initial base-line level of recoverable skin bacteria, this is less likely to occur. In addition, from the standpoint of the extent of measurable treatment response, the gloved-hand technique was 10-to 100-fold more sensitive than the glovewashing technique. With both sampling techniques, a rather large subject-to-subject variation in bacterial recoveries from the hand was observed. In each case, differences in bacterial recoveries among subjects varied by as much as 1 to 2 logarithmic units. This observed variation is believed to reflect normal population differences in skin microflora levels on the hand. It also serves to point out the desirability of including an adequate number of subjects in quantitative skin microflora investigations, as well as the necessity for selecting an appropriate experimental design and for statistically analyzing the data obtained.
Although it has been reported (25) that a Triton X-100 phosphate-buffered (pH 7.9) extractant solution is more effective than nonbuffered aqueous solutions in eluting bacteria from the forearm, no significant difference in extraction efficiency was observed between the former solution and normal saline (pH 6.8) in the gloved-hand model. Also, in connection with sampling, it was important to standardize the duration of the hand-flushing operation, since it directly influenced bacterial recoveries. Although details are not reported herein, a 15-sec flushing cycle of the hand was adequate for efficient bacterial recoveries.
In the absence of antiseptic treatments, it was found that the hand microflora levels of individual subjects were remarkably consistent from day to day as measured by the gloved-hand technique. In contrast, it is clear from the data presented that the level of resident skin bacteria was rapidly reduced after a single wash or scrub with a hexachlorophene detergent preparation (pHisoHex). The magnitude of the skin-degerming effect was related to the post-treatment time at which the gloved hands were sampled. Hence, the experimental model system is capable of measuring topical treatment responses in terms of reductions in levels of recoverable bacteria from the hand.
An element which greatly increases the utility of the experimental model described is the use of each subject's hands independently. This is possible because no significant differences were observed between recoverable bacterial levels on the right and left hands of individual subjects. Treatment effects can be measured within subjects by comparing the number of bacteria recovered per hand prior to treatment (Pre), immediately after treatment (To), and after wearing a surgical glove for a prescribed posttreatment interval (Tx). For each subject, a combined Pre sample representing both hands may be processed, as well as a single To sample from one hand and a T. sample from the opposite hand. It is important that post-treatment samples be neutralized immediately by the addition of an appropriate quenching agent to the extract samples. This is necessary to terminate any residual activity in the sample derived from the extraction of deposited antimicrobial compound on the skin. The post-treatment wearing of a surgical glove protects the hand from recontamination with transient bacteria from the environ-ment and has the additional advantage of simulating the clinical situation.
It is apparent from the results presented that a short prewash with nonmedicated soap prior to Pre sampling effectively removed most transient bacteria from the hand without significantly altering the reservoir of resident bacteria. The incorporation of a routine prewash in the experimental model, therefore, nimizes the possible introduction of bias into the Pre measurements due to potentially variable levels of transient bacteria on the hand.
The gloved-hand model system described is adaptable to several experimental designs. In the studies presented, either a crossover design or a randomized-subject design-was employed. Although not represented in the studies reported here, a split-hand design and a randomized-hand design have also been used successfully with the gloved-hand model. Adaptation of these designs for multiple contact studies with skin-degerming agents is also feasible. Data generated from any of these experimental designs are readily amenable to statistical analyses for evaluation of specific treatment comparisons. By employing the appropriate experimental design, treatment contrasts can be made with a high degree of confidence. In the studies reported here, the data have been analyzed in several ways. In most cases, when the crossover design was employed, treatment comparisons were made within subjects. The Pre values were also examined for each half of the experiment to assure that the built-in rest period prior to crossover was sufficient to allow reestablishment of normal skin microflora levels after initial treatment. If the (Pre -T.) change in the number of recoverable skin bacteria is used as a primary indicator of activity, it is imperative that the Pre value be as true a base line as possible from one part of the experiment to the next.
The studies reported herein fulfill the criteria required for a satisfactory experimental model: (i) objectivity, (ii) reproducibility, (iii) responsiveness to treatment, (iv) amenability to statistical analysis, (v) simplicity, and (vi) relationship to the clinical situation.
